To assess vision-related quality of life in patients with ocular chemical burns by the application of the 25-item National Eye Institute Visual Function Questionnaire (NEI VFQ-25). METHODS. Eighty-seven patients with ocular chemical burns were enrolled in the study from January 1 through May 31, 2010. Apart from the collection of sociodemographic and clinical data, NEI VFQ-25 with an additional appendix question, being translated to Chinese, was administered to all subjects. Main outcome measures were comparison of the NEI VFQ-25 subscale item scores among subgroups and multivariate analysis of the NEI VFQ-25 subscale scores. RESULTS. Fifty-five subjects were bilaterally burned and the rest were unilaterally injured. The mean age of enrolled subjects was 39.4 Ϯ 11.6 years, with the majority being male (98.9%) and worker (77.0%); the mean composite score of all subjects was 40.4 Ϯ 23.8. The composite score and majority subscale scores of binocularly injured patients were significantly lower than those of monocularly injured patients. Further comparisons among groups divided by either clinical severity classification or best-corrected visual acuity (BCVA) produced similar results. The BCVA of both the better-seeing eye and the worseseeing eye strongly correlated with the NEI VFQ-25 composite score ( ϭ 0.664 and 0.498, both P ϭ 0.000). Multivariate regression analysis revealed that the VFQ-25 composite score correlated significantly with the following independent variables: BCVA of the better-seeing eye and the worse-seeing eye, the injury classification of the less severely injured eye, and correct and immediate irrigation after injury as well. CONCLUSIONS. Ocular chemical burns have a significant and extensive impact on patients' visual function outcomes and vision-related quality of life. (Invest Ophthalmol Vis Sci. 2011; 52:8951-8956)
O cular chemical burns constitute one of the most common ocular injuries in developing countries, with a reported prevalence ranging from 1.25 to 4.4‰. [1] [2] [3] [4] [5] The severity of ocular injury after a chemical exposure has a close relationship with the contact surface area and degree of penetration. Severe chemical burns, either alkaline or acid, usually lead to complete destruction of the ocular surface, cornea opacification, permanent vision loss, and rarely loss of the eye. 6 According to a previous retrospective case series, severe ocular chemical injury accounted for a small but significant part of corneal blindness in China. 7 Moreover, most victims are young and ocular chemical injuries not only cause visual impairment but also affect their ability to perform various vision-specific functions in daily life. Therefore, the traditional objective examinations to measure the clinical outcome in ophthalmology, for instance visual acuity, are inadequate in assessing a broad array of outcomes, such as physical function, social function, and overall health. However, until now, only one study focusing on health-related quality of life (QOL) in chemical warfare victims with ophthalmologic complications has been published, 8 and no studies have been performed to specifically determine the vision-related QOL in persons with ocular chemical injury.
To understand the effect of a disease on patients' QOL and to evaluate disease from the patients' perspective, the National Eye Institute 25-Item Visual Function Questionnaire (NEI VFQ-25) may be used. It is a vision-related quality of life instrument designed to assess patients' perception of their visual function and QOL. 9 The VFQ-25 has been used to track the outcome of many ocular diseases, including age-related macular degeneration, retinal vein occlusion, retinal detachment, diabetic retinopathy, glaucoma, and various ocular surgeries. 10 -17 Therefore, we assessed the QOL in persons with ocular chemical injury by applying the NEI VFQ-25.
MATERIALS AND METHODS

Subjects
This prospective study enrolled 87 consecutive patients with ocular chemical burns who were scheduled for vision care at the Department of Ophthalmology, Shanghai Eye, Ear, Nose, and Throat Hospital of Fudan University, from January 1 through May 31, 2010. Patients were enrolled into the study if they were 16 years of age and older, with at least 3 months of clinical course to achieve relatively stable results of the visual outcome, having no other systemic or ocular disease that could potentially affect vision. If the patients had ocular surgery after injury, the frequency and method of surgery were recorded. The study was approved by the ethics committee of the hospital and conducted according to the tenets of the Declaration of Helsinki. Written informed consent was obtained from all patients.
Clinical Assessment and Tests of Visual Function
All patients underwent a complete ophthalmologic examination, including best-corrected visual acuity (BCVA), slitlamp biomicroscopy, tonometry, and indirect ophthalmoscopy if the dioptric media was clear. The degree of injury was assessed by an experienced cornea specialist under the slitlamp biomicroscopy, according to the HughesRoper-Hall classification scale. 18, 19 Visual acuity testing was performed for each eye separately. The BCVA was evaluated with Snellen equivalents, based on a standard refraction and testing protocol at a starting distance of 5 m. Participants who failed to read the largest letters at 5 m were tested at 1 m. Patients with failure to read any letters were tested using counting fingers, hand movements, and light perception. Intraocular pressure (IOP) was measured with a Goldmann applanation tonometer unless the cornea could not be exposed sufficiently due to severe symblepharon.
Visual Function Questionnaire (VFQ-25)
A Chinese version of the VFQ-25, which was used in previous studies, 20, 21 was administered to all subjects, and they were requested to fill out the questionnaire by themselves. The research staff explained the questionnaire to them, and provided assistance when required. For the participants whose eyesight was too poor to enable reading, a single research staff member read the questionnaire for them, in a neutral and uniform manner, and recorded the patients' choices. The completed questionnaires were reviewed for missing data by the research staff.
NEI VFQ-25 with an additional question, being translated to Chinese, was used in the present study to evaluate the vision-specific quality of life. Since the response rate of No.14 item was rather low in the Chinese population, 20 we chose item A8 from the NEI VFQ-39 to serve as an appendix of the No. 14 item according to the instruction of the NEI VFQ-25 manual. If the statistical analysis showed a low response rate of the No. 14 item in the present study, the result of its appendix would be used to alleviate the impact of a high miss rate of the No. 14 item on the validity and reliability of the whole questionnaire. Each item in the questionnaire was assigned to one of the 12 subscales: general health, general vision, ocular pain, near activities, distance activities, social functioning, mental health, role difficulties, dependency, driving, color vision, and peripheral vision. Answers to each question on the VFQ-25 were converted to a 100-point scale, in which 100 represents the best possible score or the minimal subjective impairment, and 0 represents the worst or the maximal. Guidelines published by the NEI were adhered to when calculating the abovedescribed scale conversions and subscale scores.
Statistical Analysis
The mean scores and SDs were calculated for each VFQ-25 subscale and composite score. The Mann-Whitney U test was performed to compare each subscale and composite score between the patients with monocular injury and those with binocular injury. Nonparametric ANOVA was performed to make further analysis on the mean VFQ-25 scores by clinical severity based on the classification of injury and the number of injured eyes (unilaterality or bilaterality), after the adjustment of age and sex. The same analysis was performed to determine the VFQ-25 scores by BCVA in the better-seeing eye. Nonparametric correlation analysis was performed to investigate the relationship between mean VFQ-25 scores and variables, including better-seeing BCVA and worse-seeing BCVA. Multivariate regression analysis was performed to investigate the relationship between clinical variables and the VFQ-25 composite score. The covariates tested were age, educational level, agent of injury, BCVA of the better-and the worseseeing eye, the classification of both the less and the more severely injured eye, and whether correct irrigation was immediately performed after injury. To facilitate regression analysis, the noninjured eyes of monocularly injured patients were considered as the less severely injured ones and their classifications were recorded as zero. All tests were considered statistically significant at P Ͻ 0.05 (SPSS for Windows, version 13.0; SPSS, Inc., Chicago, IL).
RESULTS
A total of 142 eyes of 87 patients were enrolled in the study, including 55 patients suffering bilateral injuries. The demographics of these subjects are shown in Table 1 . The mean age of enrolled subjects was 39.4 Ϯ 11.6 years, with the majority being male (98.9%) and worker (77.0%). The average IOP of injured eyes was 15.99 Ϯ 5.99 mm Hg, ranging from 6.7 to 32.5 mm Hg.
The mean scores of each VFQ-25 subscale are all listed in Table 2 , ranging from 23.0 for role difficulties to 67.5 for color vision; the mean composite score was 40.4 Ϯ 23.8. Since the The analysis on each subscale score and composite score between the patients with monocular injury and binocular injury revealed that all scores in patients with binocular injury were significantly lower, except the scores for general health and ocular pain, as Table 3 shows. Further analysis showed that the differences in composite score and subscale scores, except those for general health and ocular pain, had statistical significance among groups divided by either clinical severity classification or BCVA in the better-seeing eye, with the lowest scores for a majority of the VFQ-25 subscales in bilaterally injured patients with either the less severely injured eye classified as grade III or IV, or BCVA worse than 20/80 in the better-seeing eye, as Tables 4 and 5 list.  Table 6 presents the correlations between the NEI VFQ-25 scores and BCVA for the better-and the worse-seeing eyes. The NEI VFQ-25 composite score correlated strongly with the BCVA of the better-seeing eye and the worse-seeing eye ( ϭ 0.664 and 0.498, respectively, both P Ͻ 0.001). Overall, stronger correlations were observed between the NEI VFQ-25 subscale scores and the BCVA of the better-seeing than the worseseeing eye. All correlations between the NEI VFQ-25 subscale scores and BCVA in the better-seeing eyes were significant, except those for general health and ocular pain. The correlations between NEI VFQ-25 subscale scores and BCVA in the worse-seeing eyes were also significant, with the exception of general health. Table 7 summarizes results of multivariate regression analysis on the relation between the VFQ-25 composite score and several clinical variables. It was shown that the VFQ-25 composite score correlated significantly with the following independent variables: BCVA of the better-seeing eye and the worse-seeing eye, the injury classification of the less severely injury eye, and correct and immediate irrigation after injury as well.
DISCUSSION
Severe ocular chemical injury accounted for a small but significant part of corneal blindness in China, 7 most of which took place in the workplace. An overwhelming majority of chemical injury victims were young men, who were the main labor force and contributed to the majority income of the family. The injuries not only caused visual impairment, but also affected their ability to perform various activities in daily life and working capacity. Therefore, it is of great significance to explore the vision-related functioning in patients with chemical burns by a reliable and valid method, such as the NEI VFQ-25. 9, 20, 21 The present study showed that the NEI VFQ-25 composite scores in patients with chemical burns were significantly lower than those reported in other ocular diseases such as age-related macular degeneration, 17 central retinal vein occlusion, 11 rhegmatogenous retinal detachment, 13 proliferative diabetic retinopathy, 12 Behçet uveitis, 23 and dry eye syndrome. 23 Since chemical burns usually cause severe damage to all ocular surface tissues and bilateral injury occurred frequently, it caused more limitation in mobility and daily activity compared with that in other ocular disorders, as well as more negative impact on victims' well-being and vision-related QOL. The present study showed that the score for each VFQ-25 subscale, except that for general health, was significantly lower in patients with binocular injury than that in patients with monocular injury. The finding was in agreement with a previous study, 24 which demonstrated that patients with bilateral visual impairment reported greater difficulty in performing vision-dependent daily activities and poorer visionrelated QOL, compared with those with unilateral visual impairment. In the present study, most victims of ocular chemical injury were young men, who did not have severe ocular disorders causing visual acuity impairment before the injury. Since NEI VFQ-25 subscales were correlated with the visual acuity of the better-seeing eye, 15, 17 it is reasonable to deduce that monocularly injured subjects, with a relative healthy eye, had better visual-related function and healthrelated QOL than those of subjects with binocularly injured eyes.
Further analysis on VFQ-25 composite and subscale scores among groups divided by either injury classification or BCVA of the better-seeing eye revealed that the subscale and composite score decreased significantly with increased severity of injury or decreased BCVA in the better-seeing eye, except those for general health and ocular pain. It was in agreement with previous reports studying the NEI VFQ-25 scores in patients with disorders involving either unilateral or bilateral eyes such as age-related macular degeneration. 17, 24 The binocularly injured patients, either with the less severely injured eye classified as grade III or IV, or with the BCVA worse than 20/80 in the better-seeing eye, reported the lowest composite and subscale scores compared with those of other less severely injured groups. The higher burn classification usually means greater severity of injury and worse visual outcome, even after treatment, which are associated with higher mean impairment of NEI VFQ-25 subscales. Moreover, the scores for near activity, distance activity, role difficulties, dependency, and mental health were extremely low among all subscales in most severely injured subjects, meaning that the impairment on the visual function caused not only a weakening capacity to perform daily activities, but also poorer mental health of the patients. It should also be taken into account that ocular chemical injuries sometimes cause significant facial disfigurement simultaneously, probably leading to impairment of mental health. In view of this, the importance of mental care should be highlighted in the treatment for chemical injury victims.
It was revealed that both the better-seeing and the worseseeing BCVA correlated significantly with the NEI VFQ-25 composite score and a majority of the VFQ-25 subscales. Moreover, stronger correlations were observed between the NEI VFQ-25 subscales and the BCVA of the better-seeing than the worse-seeing eye, in line with previous reports. 15, 17 In patients with chemical burn, especially those with binocular injury, the mean visual acuity in the better-seeing eye deteriorated more or less, and the difference between the better-and worse-seeing eyes was relative small. This slight difference seems to be the reason that the VFQ-25 score correlated with the visual function not only in the betterseeing eye but also in the worse-seeing eye.
By multiple regression analysis, we found that BCVA in both the better-and the worse-seeing eye, injury classification of less severely injured eye, and immediate irrigation after injury were independent factors relevant to VR-QOL in the patients with chemical burn, whereas age, educational level, agent of injury, and the classification of the more severely injured eye were not relevant factors. Although it is generally accepted that alkaline burn usually causes more severe injury than acid, the present study confirmed that the VR-QOL had a strong correlation to the visual acuity outcome caused by the injury rather than the agent of injury itself. Moreover, immediate and correct irrigation after injury would be helpful to alleviate the damage to the ocular surface and reduce the injury severity, contributing to a better visual outcome and higher VFQ-25 scores. The findings of the present study reconfirmed the importance of immediate and correct irrigation in the first aid and emergency treatment of chemical burns.
The present study showed that age and education were not relevant to the NEI VFQ-25 composite score after chemical injury. In previous research studying the VR-QOL in patients with Behçet uveitis, significant reductions in visual functioning were observed in relation to age and educational level, 22 with the possible reason that younger and better-educated people are more aware of access to better health care and have better compliance with treatment. We considered the disparity was possibly attributed to the lower number of either old or well-educated subjects in chemical burn victims. Chemical burns frequently occurred in young men, especially in a developing country such as China, and most of them get only a 9-year compulsory education, or even did not finish it, just as the present study showed. Among all 87 participants in this study, only 11 patients were 50 years of age and older, and the number of subjects with university or postgraduate education was only 9. Uneven data distribution would affect the result of regression analysis, which could be resolved by further study with a larger sample size.
Some limitations in this study should be addressed. First, a degree of underascertainment is hard to avoid, and selection bias of the patients may have occurred because this was a single-center study. Second, we did not evaluate preoperative NEI VFQ-25 scores in patients undergoing ocular surgery to treat injury, since many subjects had had surgical treatment before they came to our hospital. Moreover, the impact of single or multiple surgeries on VFQ-25 was not explored. Thus we cannot evaluate the effect of surgery on the VR-QOL in chemical injury victims, especially those with multiple surgeries. This shortcoming could be resolved by further prospective investigation with a longer postoperative follow-up.
In summary, chemical burn, a common ocular injury in China, has a significant and extensive impact on patients' visual function outcomes and vision-related QOL. Based on the results of the present study, the NEI VFQ-25 represents a useful and valid approach to evaluating vision function and vision-related QOL, which had correlation with BCVA in both the better-and the worse-seeing eye, injury classification of the less severely injured eye, and immediate irrigation after injury. It is of great significance to translate the visual acuity outcomes into areas of functioning and wellbeing that are more meaningful to patients, their families, and ophthalmologists. The analysis also included age, educational level, agent of injury, and the classification of more severely injured eye, all of which were excluded in the final model.
